Pharmacovigilance supports safe and appropriate use of drugs. Spontaneous reporting of adverse drug reactions (ADRs) is an essential component of pharmacovigilance. However, there is significant underreporting of ADRs. Adverse drug reactions have become a major problem in developing countries. Knowledge of pharmacovigilance could form the basis for interventions aimed at improving reporting rates and decreasing ADRs.
INTRODUCTION
Drugs have changed the way in which diseases are treated. Despite all the advantages of pharmacotherapy, adverse reactions are a recognized hazard of drug therapy. Adverse drug reactions (ADRs) are a common, frequently preventable cause of illness, disability and death. An ADR may be defined as "an appreciably harmful or unpleasant reaction, resulting from an intervention related to the use of a medi-cinal product, which predicts hazard from future administration and warrants prevention or specific treatment, or alteration of the dosage regimen, or withdrawal of the product" (1) .
Pharmacovigilance has been described as "the science and activities relating to the detection, assessment, understanding and prevention of the adverse effects of drugs or any other possible drug-related problems. It is a fundamental component of effective drug regulation systems, public health programmes and clinical practice" (2) . Pharmacovigilance supports safe and appropriate use of drugs by a) promoting the detection of previously unknown ADRs and interactions and increases in frequency of known ADRs, b) identifying risk factors for the development of ADRs and c) estimating quantitative aspects of benefit/risk analysis and disseminating information to improve drug prescribing and regulation (3).
One of the first pieces of evidence of the establishment of a system to monitor drug safety was the committee set up by the Lancet to report on mortalities resulting from anaesthesia in Britain and its colonies. The formation of the committee was in reaction to the 1848 death of a 15-year old girl who had undergone chloroform anaesthesia for the removal of an ingrown toenail (4, 5) . In 1950, reports of cases of aplastic anaemia associated with the use of chloramphenicol were recorded in the United States of America [USA] (6) . As a result, the Council on Drugs of the American Medical Association set up a Blood Dyscrasia Registry (7) and, by 1961, the Food and Drug Administration (FDA) began the systematic collection of reports of all types of ADRs, chiefly through the Hospital Reporting Program. However, it was a letter from Dr WG McBride which was published in the Lancet suggesting a connection between congenital malformations in newborn infants and the drug thalidomide that provided one of the most significant catalysts for drug safety monitoring. Thalidomide was first synthesized in 1954, introduced to the public in 1956 and was widely prescribed as a harmless treatment for morning sickness and nausea. By November 25, 1961, thalidomide was withdrawn from the market by its manufacturer. It has been estimated that between 6000 and 12 000 children had been born with serious congenital malformations as a result of maternal use of thalidomide (8) . By 1968, ten countries (Australia, Canada, Czechoslovakia, Germany, The Netherlands, Ireland, New Zealand, Sweden, United Kingdom, and USA), with national drug monitoring centres, collaborated and joined the World Health Organization (WHO) Pilot Research Project for International Drug Monitoring (5) . In 1972, a report was published that formed the basis of the current international system of national centres collaborating in the WHO programme (5, 9, 10) .
The establishment of a pharmacovigilance system is essential to support public health policy. The study of Olsson et al (11) , in which data regarding pharmacovigilance activities were collected from 55 low-and middle-income countries, revealed that information gathered through these activities was used in variable ways by the countries to assist regulatory functions, advise consumer groups and develop essential medicine lists and drug therapy guidelines.
MORBIDITY AND MORTALITY OF ADRs
Adverse drug reactions are ranked as one of the top 10 causes of morbidity and mortality in the developed world (12, 13) . Adverse drug reactions are documented in the USA to claim 100 000 to 218 000 lives annually and are the third leading cause of death after heart disease and cancer (14) (15) (16) . However, the burden of the problem may actually be underestimated, as in many instances, ADRs are not suspected, thereby leading to under-reporting (17, 18) . Adverse drug reactions represent a vast economic burden in terms of healthcare costs, contribute to a significant percentage of hospital admissions and are regarded as a major public health problem (19) (20) (21) (22) . In the USA, the costs resulting from drugrelated problems in the ambulatory care setting was estimated to exceed US$177 billion annually (15) . These estimates are significant when compared with the healthrelated cost in the USA of other major diseases such as diabetes ($174 billion in 2007), obesity ($147 billon in 2009) and cardiovascular diseases [$503 billion in 2010] (23) (24) (25) .
Prior to approval, most drugs will only have been tested for short-term safety and efficacy on a limited number of carefully selected individuals (26) . In some cases, as few as 500 subjects and seldom more than 5000 will have received the drug prior to its release (27) . In order to identify an ADR that occurs in 1 in 10 000 patients, at least 30 000 patients need to be treated with the drug (2) . Consequently, the limited numbers of persons involved in pre-marketing clinical trials do not facilitate good estimation of the ADR profile of a drug. Additionally, the controlled environment of pre-marketing clinical trials bears very little resemblance of how the drug is used in larger populations. It is after release, when the drug is used in more patients having a variety of concurrent diseases and who may be taking other drugs, that limitations to its use become evident. These limitations result from a paucity of long-term safety data, under-representation of certain populations in clinical trials and inadequate information regarding off-label use (28) . Furthermore, the regular use of surrogate endpoints can give misleading information about the effects of drugs in comparison to usage in actual patients (29, 30) . It is also during the post-approval phase that previously unidentified ADRs, many manifesting years after the release of a drug, may occur (31) . This can be illustrated by the following example. Rhabdomyolysis is a serious but uncommon adverse effect of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins). However, there have been reports of rhabdomyolysis occurring as a result of the interaction between azithromycin and various statins (32) .
Post-approval monitoring facilitates observation of the drug profile for longer durations and for unapproved indications, effects of co-morbidities, co-administrations and the likely possibility of non-compliance with drug administration instructions.
Signal detection is one of the primary goals of pharmacovigilance (33, 34) . A signal is defined by the WHO as reported information on a possible causal relationship between an adverse event and drug, the relationship being unknown or incompletely documented previously. Usually more than one report is required to generate a signal, depending on the seriousness of the event and the quality of the information (35, 36) . When detected, signals should be followed up with detailed investigations including pharmacoepidemiological studies (33) and appropriate regulatory action (37) .
METHODS OF QUANTIFYING ADRs
A number of methods have been used to quantify the frequency of ADRs. They include spontaneous ADR reporting, ecological studies and analyses of medical claims databases, prescription-event monitoring which collects all drug-related events that occur while patients are receiving selected monitored medications, and meta-analyses (38) (39) (40) (41) . No single method is capable of covering all the requirements for the efficient collection of ADR data and therefore a multiplicity of methods is needed (42) .
Spontaneous reporting is the most common method used in pharmacovigilance and the best one to generate signals on new or rare ADRs (43) . This reporting scheme has contributed significantly to successful post-marketing drug safety surveillance and can be regarded as the cornerstone of pharmacovigilance (44) . There are numerous limitations of the scheme, including the poor quality of submitted reports, difficulty in calculating rates because of incomplete numerator (adverse events) data along with inaccurate denominators (number of prescriptions) and limited ability to determine causality (13, 45) . However, the main limitation is under-reporting (26, 43, (45) (46) (47) (48) .
In a review of 37 studies from 12 countries, undertaken to estimate the extent of under-reporting of ADRs to spontaneous reporting systems, Hazell and Shakir (49) reported a median under-reporting rate of 94% across these studies. Perez-Garcia and Figueras (50) , in a study of physicians and pharmacists in Venezuela, reported poor knowledge of the voluntary ADR reporting system in that country. They concluded that study of the actual knowledge of pharmacovigilance could form the basis for specifically designed interventions aimed at overcoming misconceptions and improving reporting rates.
In Jamaica, ADR reports are made to the regulatory authority, the Standards and Regulation Division, Ministry of Health. The standardized ADR reporting form is the "PharmWatch" form (51) . A study of the knowledge and attitude of healthcare professionals toward pharmacovigilance and ADR reporting identified training as a significant factor in the improvement of the reporting of ADRs (52) . Subsequently, a workshop that could i) facilitate training in the sensitization of healthcare professionals to the importance of pharmacovigilance and ii) effect an improvement in ADR reporting through understanding the importance of the "PharmWatch" pharmacovigilance programme was designed. The workshop attendees indicated that the workshops encouraged them to report ADRs. These findings provide evidence that the training of healthcare professionals can positively impact the rates of ADR under-reporting. Further education and training are urgently needed.
